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THE MEASUREMENT CALLED TIME 
sy J. W. CAMPBELL 


HEN starting to write this article I wrote down the title 
“time and its measurement”, but on reconsideration I decided 
to refer to it as “the measurement called time”. The reason is that 
the former title connotes an idea which is perhaps natural and 
common, but which I believe is irrelevant and confusing. It sug- 
gests the idea that time is a sort of intangible, but objective physical 
entity of which by certain shrewd methods we may learn some of 
the properties and for the measurement of which we may devise 
some means. This conception is probably in no small measure a 
heritage from Newton’s enunciation that “absolute, true, and 
mathematical time, of itself and from its own nature, flows equally 
without regard to anything external, and by another name is called 
duration”. On the other hand, what really happens is that in our 
description of natural phenomena we make certain measurements 
which we refer to as time, and so our conception of time is really 
subjective. This idea has been stated in another form by Bridgman, 
when he says,* “the concept of time is determined by the operations 
by which it is measured”. I wish, however, to elaborate somewhat 
my own feeling for the basis of this point of view. 
Let us consider an observer A, and let us make the following 
assumptions : 
1. When A experiences two events, for example, hears two 
sounds, he may observe them to be simultaneous or he may observe 


*P. W. Bridgman, The Logic of Modern Physics, p. 68. 
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them to be not simultaneous. Perception of simultaneity by A we 
shall take as an undefined experience ; that is, if A says that to him 
two events have appeared as simultaneous, then it is evident 
to anyone the kind of experience which he reports to have had. 

2. If A observes two events a and b to be non-simultaneous and 
he says that a occurred before b, it is evident to anyone what kind 
of experience he reports to have had. 

3. A may observe a series of recurring phenomena. Thus he 
may hear five reports from the same gun, he may observe four 
risings of the sun, he may experience hunger ten times, and so on, 
and when he states that he has observed several phenomena which 
are sensibly alike except that they are not simultaneous for him, it 
is evident to anyone what kind of experience he reports to have had. 

In these assumptions there is nothing said about duration. The 
only aspect of the observations that is revelant is their simultaneity 
or non-simultaneity, and the number of those of a series which are 
alike except for being non-simultaneous for the observer concerned. 

Now let us suppose that A observes several series of recurring 
phenomena 


Considering any two of these series, some pairs of events may 
be simultaneous, or no pairs may be simultaneous. In the former 
case suppose a, and b, are simultaneous and also a, and 4,. Then 
we may say that if a > B the series a is more numerous than the 
series b for these corresponding parts. But if no pairs of the two 
series are simultaneous, suppose b, occurs between a, and a,, and 
bs occurs between a, and ad,41. Then again, if a > the series 
a is more numerous than the series b for these corresponding parts. 


Thus A may compare the various series of recurring phenomena 
as to numerousness of recurrences, and of course of two series one 
may be more numerous than the other in one part and less numerous 


\ 
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than the other in another part. That is, there is no assumption as 
to uniformity of relation between any two series. 


A may now take any one of the series (1) as a standard of 
numerousness of recurrence with which to compare each of the 
others, for any arbitrarily chosen part, and he may assign to the 
events of the standard series the marking of equidistant points of 
time. This should be regarded as a definition of the concept of 
time and not as an assumed measurement of time as an objective 
entity. The events of the standard series are equidistant by defini- 
tion and not by assumption. Their ordinal numbers are the measures 
of time, and the ratio of the number of recurrences in any other 
series to the corresponding number in the standard series will then 
denote the average “frequency” of the other series. An individual 
event of another series may be “placed” relative to the reference 
series. That is, it may be described as simultaneous with one of 
the events of the reference series or as occurring between a certain 
pair of them. The case is somewhat analogous to that of giving 
the positions of several points in a line. One point is chosen as a 
reference point and called the origin. Here one series of recur- 
rences is chosen for a reference series and the ordinal numbers of 
its events are said to measure time. ; 

It is really arbitrary which series of (1) shall be taken as a 
reference series, but for convenience and definiteness some one of 
a certain sub-group (1)’ of (1) may be better than one taken at 
random. Suppose for the sub-group (1)’ it is true that the ratios 
of corresponding numbers of recurrences are constant irrespective 
of the parts of the series compared. This is true, for example, of 
the series of passages of pendulums of different lengths through 
their equilibrium positions. Then a series of (1)’ would have an 
advantage over a series which did not belong to such a group. For 
such a choice makes possible a greater precision of “placing” events 
relative to the reference series. 


In practice no series is satisfactory as a standard in which to 
place the events of another series unless it is at least as numerous, 
part for part, as the series to be placed. On the other hand there 
is no “most numerous” discrete series. But while this is so we may, 
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if we choose the reference series from the sub-group (1)’, devise 
a continuum of events in which to place other series. 

This may be done by utilizing the conception of a moving point, 
and for simplicity we shall assume the point to move on a straight 
line as indicated in (2). 

P 
(2) 

Each of its positions will be regarded as an event, and in order that 
its positions shall agree with the times given by the reference series 
it is obvious that the respective positions which correspond to the 
events of the reference series must be equidistant. But what of 
intermediate points? We shall say that these intermediate points 
give proportional intermediate times if the motion of P is uniform 
in the following sense: 

(3) If the reference series is one of a sub-group (1)’ of (1), 
and if (1)’ has the property already referred to, then the positions 
of P which correspond to the events of each series of (1)’ are 
a set of equidistant points. 

The totality of the positions of P will by convention constitute 
time. 

In practice the reference series of events which is used and 
defined as time is the series of rotations of the earth with respect 
to the stellar universe. This from many practical considerations is 
the best standard reference series available and many mechanical 
devices are in use for giving a corresponding line series of the 
type of (2) except that the path is not straight.* 

But again from theoretical considerations it is doubtful if the 
rotating earth gives actually the best series for a reference series. 
On the postulates of Newton’s laws of motion and his law of 
gravitation, it is evident that there is likely to be a slight incon- 
sistency between uniform motion defined by this series and the 
uniform motion given by Newton’s first law. A statistical investi- 
" *The condition (3) does not provide a means of producing a uniform 
motion, but only a means of testing it. It is a conception which may be 
approached but not realized. Mechanisms in practical use give uniform 
motion in the sense of (3) to varying degrees of approximation. Thus an 


ordinary pocket watch does so to fifths of a second. Other devices can 
give “denser uniformity”, but there is no mechanism that gives the “limit”. 
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gation of this question has been made by de Sitter** and he reaches 
the conclusion that there is not perfect consistency. 


There is, however, another series of events which might be used 
as a reference series, and that is the pulsations of an atom. It is 
nearly forty years since Michelson calibrated the metre in terms of 
the wave length of cadmium light, and if it be taken to determine 
a standard of length there are good theoretical grounds for taking 
it to define a standard time series. For practical purposes, because 
of convenience, the rotating earth should remain the working 
standard, but if possible it might be checked occasionally with re- 
ference to the series of the cadmium atom. Michelson’s recent 
determination of the velocity of light makes possible a comparison 
to five significant figures* and although eight figures would be 
necessary to detect an inconsistency of the order of that found by 
de Sitter it may not be impossible to carry the refinements of 
measurements still further until such inconsistencies as de Sitter’s 
would show up. 


So far I have been dealing only with the local time of an 
observer A, but on account of the finite velocity of light signals it 
is necessary for A to spread an extended time system over the 
world about him in order to describe most simply the phenomena 
which he observes. There is, however, no difficulty with such a 
conception, 


Again the theory of relativity has required the abandonment of 
the old idea of a universal uniform time. Each observer has his own 
proper time with which he may compare the occurrences of events, 
but these proper times need not agree for two observers A and B 
if they separate and meet again. This seems one of the most diffi- 
cult things in relativity for many people to believe, and it is no 
doubt in large measure due to the unconscious belief in an objective, 


**“On the Rotation of the Earth, Astronomical Time”, by Professor 
W. de Sitter, Nature, vol. 121, pp. 99-108, 1928. 
*Taking Ar as the wave length of cadmium red and pf as its period, then 

we have 

6438.4696 « 10-8cm. = 

299.796 108cm/sec = )R/p, 
whence by division, 

1 sec. = 4.6563 «& 10!8 p. 
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intangible background of time in which events are embedded. Such 
a belief 1 have endeavoured to show is unnecessary, and when one 
does not entertain it there seems nothing incongruous in the differ- 
ent ratios that different observers get in comparing numbers of 
recurrences. Also, in support of the pulsating atom for giving a 
reference series, it is a more local phenomenon than a rotating 
planet is, and moreover, it is the “clock” that is observed in distant 
stars. It provides a universal recurring series. 

Finally, a few consequences follow .from the foregoing 
considerations. 

First, as Bridgman has pointed out, any question as to the 
nature of time as an objective entity is irrelevant. The nature of 
time is the nature of the measurements which we call time. Time 
is not an objective entity which has been discovered and for which 
a means of measurement has been devised. In describing nature 
it is convenient to make certain measures and to refer to one refer- 
ence series as a time scale. 

Second, from the definition it follows that any question of the 
possible reversal of the direction of time is meaningless. 

Third, a time-scale is not re-entrant and two events which are 
similar though non-simultaneous, should not be regarded as recur- 
rences of the same event. They are distinct events. This fact is 
worth bearing in mind when considering the interpretations of the 
so-called curvature of space-time in the theory of relativity. 


University of Alberta, 


Edmonton, Alta. 
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UPON THE HELIOCENTRIC PATH OF A SATELLITE 
By R. M. PETRIE 


N this paper the problem of the shape of the heliocentric path of 

a satellite is considered and the setting up of an analytical 
expression for the curvature of such ai. urbit referred to thesun. In 
a great many text books of general astronomy one finds the statement 
that the moon’s path is at all times concave toward the sun, but 
formal proof is omitted. The writer has consulted various treatises 
in order to find an analytical demonstration of this, but without 
success.* It has hence seemed worth while to investigate the matter 
and set up a criterion, applicable to any planet-satellite system, 
which will inform us whether or not the satellite ever travels in an 
orbit which is convex toward our central luminary. Application is 
made to the solar-system with the result that the earth-moon 
system appears to be unique in that our satellite is the only one 
whose heliocentric path can never change curvature. 

In this treatment it was found convenient to use rectangular 
coordinates with the origin at the centre of gravity of the solar 
system. The planet and satellite are assumed to be moving in 
Keplerian ellipses, perturbations being to a large extent neglected. 
The curvature is found by the application of the usual formula for 
rectangular coordinates, viz.: 


d*y 


dx? 


fay 
[+ ()} 
dx 
and hence the first thing is to secure the expressions for these co- 


ordinates at any time. For conciseness the barycentre of the planet- 
satellite system will be hereafter termed the planet, and that of the 


*While reading the proofs of this article Mr. W. E. Harper drew my attention 
to a paper by A. B. Turner in this JouRNAL (Vol. 6, p. 117, 1912), where the 
author discusses the case of our satellite for circular co-planar orbits. 
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solar system will be called the sun. The polar equations of the 
ellipses are used and the following symbols adopted. Let: 
R=radius vector of planet from sun 
A =semi-major axis of planet’s orbit 
e=eccentricity of planet's orbit 
lV =true anomaly in planet’s orbit from perihelion 
P =sidereal period of planet 
M=mean daily motion of planet 
: r=radius vector of satellite from planet 
‘ a =semi-major axis of satellite’s orbit 
€=eccentricity of satellite’s orbit 
v =true anomaly in satellite's orbit from closest approach to 
planet 
p =sidereal period of satellite 
u=mean daily motion of satellite 
7=mutual inclination of orbit planes 
#=angle between major axis of planet and satellite orbits 
in the plane of the planet's orbit 
x, y=heliocentric coordinates of satellite in plane of planet’s 
orbit, the positive direction of the x-axis being toward 
perihelion 
Now at any time ¢, when the true anomalies are V and v we find 


A(1—e’) a(1—é) 
1+ecos V 1+e cos v 
and adding these radii-vectores, resolved along the coordinate axis, 
the coordinates become 
x=Rcos V+r cos i cos (v+4), 
y=R sin cos i sin (v+86); 


C cos V D cos (v+@) | 


or x 


= 1+ecos V 1+e cos v 
C sin J D sin (v+6) 
 1+ecos V 1+ecosv | 
where C=A(1—-e’), D=a cos 1(1—é). 


Equations (1) are the parametric equations of motion with time. 
In order to secure dy/dx it was found most expedient to find dx /di 


4g 
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N 


and dy/dt from (1), substituting for dV/dt and dv/dt from the 
expressions 


dV M 

— 1+e cos V)?, 

dt (1—e*)3 

dv m 

—= cos v)?; 


and then securing dy/dx by division. When this is done we have 


dy @cos V+8 cos (v+6) +7 


(2 
dx asin V+8 sin (v+6)+6 @) 
a=AMV1-e, B=ayp cos 1V 1—e’, 
y =ae+e cos 8, 6=B8e sin 6. 


d’y 4d (2 dt 
From (2) we may find — by writing — = —{— — and pro- 


ceeding as before. When these derivatives are substituted the 


formula for curvature becomes a fraction whose numerator is 


S{l+e cos V]}*[a+8 cos (v—V+0)+y7 cos 6 sin V] 
+T[1+. cos cos — V +6) +8+7 cos (V+6)+6 sin (v+6)] 
and denominator is 


[(asin V+8 sin (v +6) +5)?+(acos V+ cos (v+6) 


all preceded by a minus sign. Denote this fraction by (3). In it 


S = AM and =ayp? cosi 
—é 

Equation (3) is the final equation for curvature of the satellite’s 
path with respect to the sun in terms of the constants and para- 
meters of two-body motion. The sign of K will determine the 
shape of the orbit, whether concave or convex. 

It is to be noted here that the curvature, as expressed, is with 
respect to the x-axis, and not referred to the origin. It may be 
shown, however, that the curvature expression has the same form 
with respect to both axes at the same time, and hence we may 
consider it as referring to the origin. 


In order to find the possibility of a satellite’s course ever being 


% 
* 
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convex we must then examine the sign of the maximum value of K 
as given by (3). The most direct method would be to set up and 
solve the equation dK /dt =0, the roots of which will give maximum 
and minimum values of K. This procedure is, however, rendered 
impracticable because of the complicated form of the equation 
dK /dt=0, and so recourse was had to geometrical methods sup- 
ported each time by computation of K from (3). It appears that K 
has a maximum value when 

V=rz, v=0, 6=0; 
and its minimum value occurs where 

V=z, v=0, 
or, to interpret these values, the satellite’s path will be most concave 
when the axes of the orbits are oppositely directed but parallel, the 
planet being in perihelion and the satellite in perigee (for earth), 
and the path will be least concave, or most convex, if convexity 
occurs, when the major axes are parallel and directed in the same 
sense, the planet being in perihelion and the satellite in perigee 
(for earth). These maximum and minimum values for K follow 
readily from (3) and are 


S(1—e)?—T(1+e)? 
{a(1—e) — B(1+e)}? 
_ 

It is to be borne in mind here that in fixing @ we have conditioned 
the orientation of the orbit of the satellite in its own plane, that is, 
for an orbit of given size, shape and inclination we have oriented it 
so that change of curvature is most likely to occur. A positive 
value for K,,,, in (4) does not mean that the heliocentric path of 
the satellite necessarily changes curvature during every revolution 
of the primary, but only when the value of @ is in the neighbourhood 
of 360°. Perturbations, however, are secular for the angle @ and so, 
for Ky,,x positive in (4), the satellite’s path will, sooner or later, 
become convex, and we are interested in what can occur as well as 
what is actually happening at present. The same reasoning will 
show that if K,,,, in (4) is negative, the satellite’s path can never 

change curvature, but must always be concave. The value of K 
given by equation (3) is quite general, however, and could be com- 


— 
Kymax = 


= 
is 
he 
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puted for any set of values of 6, V and v and would always tell 

whether the path was concave or convex for the points chosen. 
The criterion for a path always concave may be found now from 

equation (4) by imposing the conditions that K,,,, is negative. 


TABLE 
| Critical | Critical | 
PLANET a C | Distance | Period | 
| kms kms Days | 
384,403) +1. 8874) 
Mars. . | 141,745 18.7 
Phobos.......-.--. 9,380) 0.0047) 
23,460, 0.0299 
No. 5.. 181,200) 0.0001 
lo No. 1...| .0003) 
Europa No. 2.. 670,500,  .0007 
Ganymede No. 3... 1,069,300} -0018) 
Callisto No. 4...| 1,881,000 .0055, | 
No. 6...| 11,450,000). 1685 | 
No. 7. 11,730,000) .1547| 
No. 8... 23,500,000; Retrograde 
No. 9...| 24,100,000) 0.5344) | Retrograde 
| | 25,430,000 1515.0 
Mimas No. 7.. 185,700, 0.0001) 
‘Enceladus No. 6...| 237,900, .0001 
Tethys No. 5...| 294,500) .0002 
Dione.....No. 4.. 377,200) .0002) 
Rhea No. 2.. 526,100) 0005) 
Titan No. 1.. 1,220,000 .0024| 
Hyperion No. 8.. 1,480,000 .0030 
lapetus No. 3...| 3,558,000, 
Phoebe No. 9...| 12,930,000; 0.1809 Retrograde 
No. 1. 191,700, 0.0007) Retrograde 
No. 2.. 267,000 0013) | Retrograde 
No. 3...) 438,000, .0034! Retrograde 
No. 4 586,000 0.0062 Retrograde 
No. 1 353,700, 0.0002 Retrograde 
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This gives us 
and upon substitution for S and T we get 


A p\? 
(4) (7) (=) (6) 


which is our final criterion. The values of the left member of (6) 
have been computed for all members of the solar system and are 
given in the third column of the accompanying table. The sur- 
prising result appears that our earth-moon system is unique. For 
it the criterion C is greater than unity as a glance at the table will 
show, while for all others it is less than 0.6. Hence, ours is the only 
system where the satellite always moves in a path concave to the 
sun. 

It is of some interest to compute the critical distance beyond 
which a satellite path is always concave and such distances have 
been determined, for all the planets, for satellites pursuing circular 
paths in the plane of the primary’s orbit. These distances are 
given in column (4) and the proper periods in column (5). To 
compute these distances we take from the problem of two bodies 
the following equation, valid for a satellite of negligible mass. 


where m, =mass of sun 

m,=mass of planet. 
Between equation (7) and inequality (6) we may eliminate the 
periods and (6) becomes 


2 — 2 
A*\l+e My 


Now for a satellite as expressed above, the limiting condition is, 
from (8) 


from which a may be determined. When this is done p may be 
found from (7), thus giving critical distances and periods. From 


2 
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our table we see that our satellite is the only one outside the limit 
where convexity of path is possible. In order to compare an actual 
satellite with the distance computed from (9) we must use 
a(1—e)? 
cos 


instead of a. The peculiarity of our satellite is thus shown quite 
definitely, placing it in a class of its own. We may say with Pro- 
fessor Eddington: ‘If I ever meet a being who has lived in another 
world I shall feel very humble in most respects, but I expect to be 
able to boast a little about the moon.”’ 

In order to show graphically some of these results several satellite 
orbits have been drawn to scale for part of the path and are shown 
in the accompanying figures. The progression of Jupiter's satel- 
lites, lo, Ganymede, Callisto, Number 6 and our own moon shows 
the evolution of the paths in the region of K,,,, as C increases from 
0.0003 to 1.8874. These are centred about the aphelion point of 
the planet. At first loops are present which decrease in size and 
disappear with increasing C, giving way to the sinus curves im- 
pressed upon the planet’s orbit. These in turn flatten and change 
to concave curves as C passes through unity. Part of Neptune’s 
path is also shown in order to depict the effect of retrograde motion. 
The path is similar in general to that for direct motion but reversed 
about the y axis. 

To summarize, the results reached here are twofold. First, 
an expression for curvature has been found, and a criterion for 
determining the sign of maximum curvature developed, and, 
secondly, the application of the criterion to the solar system shows 
that the moon, alone among all the satellites in the solar system, 
has a path always concave toward the sun. 

My thanks are due to Professor L. A. Hopkins for his kind 
interest in this paper and his advice in clearing up an obscurity in 
the argument. 


Detroit Observatory, 
University of Michigan, 
May, 1931. 
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ON POSSIBILITIES OF LIFE IN THE UNIVERSE* 
Introduction 


By C. S. Beats 
(With Plate XVI) 


HE subject of our discussion this evening has to do, in part at 

least, with a kind of speculation which seems to have an ir- 
resistible fascination for the human mind: that is, whether or not 
there are other worlds like ours, inhabited by forms of intelligent 
life having some of the characteristics of human beings. Our ap- 
proach to such a subject must necessarily consist largely of conjec- 
ture, based on our experience of life on the earth and on the rather 
inadequate data of astronomy. Actual observations for the purpose 
of detecting evidences of life are only possible for bodies relatively 
close to us: consequently most of our time will be spent discussing 
the possibilities of life on the planets of our own solar system. 

Concerning life in the larger universe outside the solar system, 
we have no observations to guide us. There are, however, certain 
interesting lines of speculation which it seems legitimate to take up 
and which may lend some additional interest to the papers on the 
solar system which form the bulk of our programme. Outside the 
solar system the astronomical bodies which have been observed are 
stars, star clusters, spiral nebulae, planetary nebulae, diffuse nebu- 
lae. The stars, of which the sun is a typical example, are intensely 
hot bodies with surfaces having temperatures of thousands of de- 
grees centigrade. Life as we know it would be utterly impossible 
under such conditions. The popular idea that the“stars’ may be 
inhabited is based upon ignorance of the true nature of a star, 
which is often confused with a planetary body like the earth. What 
has been said about the stars will apply equally to star clusters and 
spiral nebulae which are considered to be vast aggregations of in- 
dividual stars. The planetary and diffuse nebulae consist of great 
volumes of highly rarefied gases, in some cases probably mixed 
with fine dust. The degree of rarefaction of the gases of these 


*A symposium held by the Victoria Centre, R.A.S.C. 
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nebulae is probably higher than the best vacuum that can be obtained 
in our laboratories and their temperatures, except in the immediate 
vicinities of stars must be close to absolute zero. They offer not 
the slightest possibility for the existence of even microscopic forms 
of life, which are believed to require certain definitely restricted 
conditions of temperature and density of atmosphere for their 
development. 


It appears then that none of the astronomical bodies that can be 
observed outside the solar system is in any way suitable for the 
fostering and development of life. There remains the possibility 
that other stars beside the sun have families of planets associated 
with them. The fact that no such system has ever been observed 
proves nothing. Even though one of the nearest stars possessed a 
planetary system, it would probably be invisible even in our largest 
telescopes ; and even though telescopic power were very greatly in- 
creased there would be little possibility of observing planets con- 
nected with even moderately distant objects. Any tentative con- 
clusion we may come to regarding the possible existence of such 
systems must, therefore, be reached by a process of deductive 
reasoning without the aid of direct observation. 

It is now generally believed that the formation of the solar system 
was the result of a collision or a near collision between the sun and 
another star. If we accept this theory, it is possible, with the aid 
of existing data concerning the motions and space distribution of 
the stars, to calculate the probability of such an event happening 
again. On the basis of a rough estimate, taking into account these 
various factors, Eddington comes to the conclusion that one star 
in one hundred million may have undergone an encounter such as 
that which is believed to have produced our solar system. Even 
though this be an over-estimate, the uncounted multitudes of stars 
in our own galactic system and the vast numbers of similar aggrega- 
tions represented by the spiral nebulae would suggest that the 
number of planetary systems in the universe may still be very great. 
Accordingly, it would appear quite unjustifiable to assume that our 
solar system represents the only, or even the most important, centre 
of life in the universe. 
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LIFE ON THE EARTH 


By J. A. PEARCE 


My remarks are largely derived from the works* of Henry 
Fairfield Osborn, Curator of the American Museum of Natural 
History, New York. They are divided into two parts: 

(a) The Origin of Life. 
(b) The Evolution of Life. 
(a). The Origin of Life: 

The traditional opinion is that life was created. By creation is 
meant the production of something new out of nothing. The more 
modern scientific opinion is that life is a stage in the general evolu- 
tionary process. By evolution is meant the production of something 
new out of the building up and recombination of things which 
already exist. 

These contrasting views are certainly as old as Greek Philosophy. 
Science cannot yet give a definite answer although our scientific 
authorities, without exception, prefer the evolutionary to the creat- 
ive origin of life. They believe that life is not an exception to the 
rest of the cosmos; that life arose from a recombination of forces 
existent in the cosmos; that energies existent in the world or emana- 
ting from the sun were brought into relationships with chemical 
elements already existent, and so that life had a physico-chemical 
crigin. 

Let us consider in brief outline the world before the coming of 
life. Somewhat over four thousand million years ago, to the best 
of our knowledge, a passing star by its tidal action, tore off small 
fragments of our sun which, solidifying by cooling, formed the 
planets. The larger globes by their gravitational attraction, grad- 
ually acquired the tiny ones, the planetoids, and so the planets grad- 
ually grew to their present sizes. The surface of the primordial 
earth, the lithosphere, very probably was similar to that of the 
moon today. The lifeless earth suffered from incessant volcanic activ- 
ity. Pent up energies derived from radioactive rocks, or perhaps 


*The Origin and Evolution of Life; From the Greeks to Darwin; The 
Age of Mammals; The Men of the Old Stone Age. 
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from the tremendous pressure of the overlying igneous rocks, break- 
ing through the crust discharged vapours from the earth’s interior. In 
course of time the hydrosphere and atmosphere were thus formed. 

As yet no life. The primordial ocean slowly acquired from the 
rocks, salts of the various elements, thus building up the inorganic 
environment for life. Life arose in the saline waters of some con- 
tinental area or on the shore line of some ancient ocean. We see 
the ten essential life elements*, present in all living organisms, 
assembling and forming inorganic compounds in colloidal suspen- 
sion. The inorganic cell through radioactive energies from our 
sun, developed certain chemical messengers, catalyzers such as en- 
zymes, present in all cells, which ensured chemical coordination. 
The cell became alive, capable of developing its organic plasma 
from the inorganic elements of its environment. 

Not yet has the problem of life been solved but the chasm 
between the primordial earth, water and atmosphere and the lowest 
known organisms, which secure their energies directly from the 
simple chemical compounds, is not so vast as we have hitherto 
supposed. Experiments are being pushed forward by a host of 
zealous investigators and it is confidently felt that the demonstra- 
tion of the physico-chemical origin of life will not long be forth- 


coming. 


(b) The Evolution of Life: 

That life has evolved from the unicellular to the multicellular, 
from the simple to the complex, from the lower to the higher organ- 
isms is no longer a theory but a doctrine. An elementary study of 
biology, such as is given in our high schools, leads to the conviction 
that life has evolved. Palaeontology, the study of ancient life as 
recorded in our rocks, offers many convincing examples of the 
change from a lower to a higher type, such as archaeopteryx the 
primitive bird, intermediate between the reptiles and the true birds. 
Every spring we see the tadpoles develop into frogs, exemplifying 
that the development of the individual (ontogeny) is a recapitula- 
tion of the history of the species (philogeny). Indeed, we are 


*Hydrogen, oxygen, nitrogen, carbon, phosphorus, sulphur, potassium, 
calcium, magnesium and iron. 
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no exception, for in our pre-natal life we repeat the wonderful 
story of evolution. 

I do not propose to multiply examples in the defence of evolu- 
tion. To show the great life-periods and particularly to impress 
upon you the time scale, I have prepared this chart. Biologists are 
in essential agreement in regard to the relative durations of the 
great periods. There is considerable uncertainty in regard to the 
age of the earth. I have chosen the value, three thousand, six hun- 
dred million years (3,600 10°). This may well be too short. 
Some authorities would consider it ten times too long. It matters 
little. What is important is that we cannot change the relative 
lengths of the great life periods. To forcefully impress this scale 
upon our minds, I have imagined that the earth has evolved in one 
year, and have expressed the length of the life periods in months, 
days and hours. One day is equivalent to ten million years, one 
hour to four hundred thousand years, each minute to six thousand 
years and each second to one hundred years. 

For over one half of the total time, for seven long months, the 
earth was without life. During this period—the Azoic—we have 
the formation of the lithosphere, the atmosphere and the hydro- 
sphere. The world was preparing itself for life. Then about the 
seventh month certain excessively minute colloids became chemically 
controlled and have learned to derive energies from their inorganic 
environment. Bacteria, the smallest of all living organisms ranging 
from 1/5,000 to 1/250,000 of an inch in size, are the lowest form 
of life. The prototrophic bacteria, primitive feeders, the simplest 
known organisms are very probably survivals of the original stage 
of life, since they derive their food directly from inorganic com- 
pounds. These bacteria were undoubtedly the soil-forming and 
soil-nourishing agents of the ancient world. 

Following the bacteria, we have the gradual evolution of the cel- 
lular structures of primitive plants—the algae, diatoms, etc.—and 
a little later, the protozoans, the first animals such as amcebe and 
paramoecia. This period, the ancient life when unicellular life 
developed into colonies, lasted some six hundred million years, or 
from the seventh to the ninth month. 
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The proterozoic and the palaeozoic periods during which life 
evolved through the invertebrates to the primitive reptiles were 
both about five weeks in duration. The mesozoic, the age when the 
great dinosaurs roamed our marshy lands, now Alberta and Sas- 
katchewan, was just two weeks in duration. In the last week, we 
have the rise of the mammals, culminating in the giant cave bear, 
the woolly rhinoceros, the mammoth, etc., now extinct. Most in- 
teresting of all, to us, are the events of the last two hours and thirty 
minutes for during this short period we have the advent of man on 
the earth. 

In late Tertiary times, a little more than a million years ago, a 
small active mammal living an arboreal life ventured to the more 
dangerous habitat, the ground, learned to balance on its hind paws 
and survived the perils of its powerful enemies by its agility. From 
this distant ancestor, the brutal anthropoid apes, the savage men of 
the old stone age and modern man have descended. Slowly but 
steadily upward man has marched through the Pleistocene as if 
an indwelling, purposeful power directed his development towards a 
glorious entelechy. 

My fragmentary outline of the origin and evolution of life on 
the earth has taken so long to narrate that on our time scale, some 
ninety thousand years (15 minutes) have elapsed. It is more than 
time that I surrender the stage to Capt. Hughes. If he, or any of 
ny associates, produces evidence that on any of the worlds in our 
system we find physical conditions similar to our own, a soil, an 
atmosphere containing aqueous vapour and oxygen, genial radiation 
from our sun, alternation of day and night, etc. I for one will be 
satisfied, for I believe that there, amid even adverse circumstances, 
life by its marvellous adaptation to its changing environment will 
develop and evolve. 


CONDITIONS ON MERCURY, VENUS AND THE OUTER PLANETS 
By J. H. Hucues 


In this article it is assumed that the Solar System came into 
being through what is known as the Dynamic Encounter Theory. 
Tides were raised on our sun by the near approach of another star: 


4 


350 A Symposium on 


fragments were torn off by gravitational pull and these fragments 
became the planets. It follows that the Sun, Earth and the other 
planets are all composed of similar materials but they are probably 
in different stages of cooling down from their original condition as 
masses of incandescent gas. It is further assumed that the word 
“Life” means life as we understand it here on Earth. The chief 
points to be considered are :— 

(1) Have the planets an atmosphere for living organisms 

to breathe? 

(2) Have they temperatures suited to life? 

Regarding (1), we know from the kinetic theory of gases that 
unless a celestial body has a certain mass it cannot retain its 
atmosphere. 

Regarding (2), the problem turns on the distance of the planets 
from the Sun since it is generally conceded that they are neither 
self luminous nor self heating. Their luminosity is reflected sun- 
light and their surfaces are heated by radiation from the Sun. 

The Moon, our satellite and nearest neighbour, provides an ex- 
ample of a body which, owing to its small mass, has lost its atmos- 
phere. It is distant from us 239,000 miles; its diameter is 2,100 
miles, its mass is one eightieth that of the Earth. Its temperature 
on the side facing the Sun is probably about 200°F and on the side 
remote from the Sun —150°F. A dead world, no atmosphere, no life. 

Mercury: The nearest planet to the Sun—36 million miles— 
therefore the hottest. Its small diameter 3,100 miles, means a small 
mass: the planet consequently cannot retain an atmosphere. The 
temperature of Mercury is probably about 600°F on the side facing 
the Sun and -150°F on the side facing outer space. Life under 
these conditions is most unlikely. 

Venus: Since this planet is 67 million miles from the Sun, we 
would expect it to be much warmer than Earth, whose distance is 
93 million miles. The diameter of Venus is 7,700 miles and the 
mass .81, taking the Earth as 1. Hence it is not unlikely that its 
climate resembles that of the Earth but is warmer. In fact Venus 
has been described as the Earth’s twin. (See figures under heading 
Earth). Venus has a dense atmosphere and it is practically certain 


wed 
“4 
F 
| 


Possibilities of Life in the Universe 351 


that the actual surface of the planet is not seen in the telescope. 
Venus is the most likely planet—apart from Mars—to possess life. 
One factor common to both Mercury and Venus should be noted— 
their orbits round the Sun are so comparatively small that they are 
seen from the Earth only as morning or evening stars. They do 
not offer the facilities for prolonged observation during the night 
as do, for example, Jupiter, Saturn and Mars. 

Earth: For purposes of comparison we may give the distance 
from the Sun as 93 million miles; diameter 7,900 miles; Mass 1. 

Asteroids: The majority of these bodies are distant from the 

Sun approximately 350 million miles. They are probably fragments 
of some satellite or planet smashed by collision or gravitational pull. 
They are all quite small bodies with probably no atmosphere and 
no life. 
The Outer Planets: These bodies are all at much greater dis- 
tances from the Sun than the group represented by Venus, Earth 
and Mars. Consequently we would expect them to be much colder, 
being so far removed from their central heating plant—the Sun. 
Further, they are all much larger than the Earth; hence have greater 
mass and higher values of surface gravity. It follows that they are 
likely to have very thick atmospheres, the exact antithesis of Mer- 
cury and the Moon. 

Jupiter is the giant of the Solar System; distance from the Sun 
483 million miles; diameter 86,720 miles—11 times that of the 
Earth and mass 317 times that of the Earth. Hence it has gravita- 
tional attraction enough to keep an enormously deep atmosphere, 
implying the presence of water vapour and various gases. Some 
astronomers have thought that Jupiter possessed luminosity and 
heat of its own, but this opinion is now discarded. Owing to its 
distance from the Sun its temperature is probably about—200°F. 
Life, as we know it, is accordingly most unlikely. 

Saturn is 886 million miles from the Sun. Its diameter is 
71,500 miles; its mass is 95 to the Earth’s 1 and, like Jupiter, it 
has a deep atmosphere. Saturn’s rings are probably due to causes 
similar to those which produce the Asteroids. Because of its great 
distance from the Sun the temperature of Saturn is probably about 
—270°F. Life under such conditions is most improbable. 
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Uranus is distant from the Sun about 1,782 million miles. Its 
diameter is 32,400 miles and its mass 14% times that of the Earth. 
It cannot get much heat or light from the Sun at this distance and 
its temperature is theoretically about—280°F. Its mass makes pos- 
session of a deep atmosphere quite possible but we could expect 
water vapour and the various gases to be reduced to icy solids. 

Neptune is distant from the Sun some 2,793 million miles; its 
diameter is 31,000 miles and its mass about 17 times that of the 
Earth. Neptune and Uranus may be described as the second pair 
of twins in the Solar family—the first pair being Venus and the 
Earth. The remarks made on Uranus apply to Neptune, exag- 
gerated by the fact that Neptune is one thousand million miles 
farther out from the Sun, so it is much worse off in respect of 
both light and heat. Its theoretical temperature may be about 
—390°F, well on the way to absolute zero. Under conditions obtain- 
ing on these two planets life as we know it would be impossible. 

Conclusions :—we have seen above that vegetable and animal 
life, as we know it, is incredible on Mercury: possible on Venus 
and extremely unlikely on the outer planets. There remains 
the speculative possibility that there may be some kind of life—of 


a special creation or evolution—suited for existence on any or all 
of these planets. 


LOWELL'S CONCEPTION OF MARS AS THE ABODE OF LIFE 
By H. Boyp Brypon 


In considering life on Mars, we are particuarly interested in the 
existence there of intelligent beings rather than the mere existence of 
some form of physical life. 

Our information concerning Mars comes chiefly from Lowell 
Observatory. This observatory, situated near Flagstaff, Arizona, 
7,250 feet above sea level, because of the clearness and thinness of 
the air and the possession of an exceptionally fine 24 inch refractor, 
is pre-eminently adapted to research on planetary detail. Due to 
these unique seeing conditions, much important detail is clearly 
seen there that is either invisible or observed poorly elsewhere. 
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When viewed even through a moderate sized telescope, Mars 
presents three distinct features which have been known from the 
16th century. These are: 

1. Two comparatively small patches of white at the poles. 

2. A broad band of ochre colour occupying very nearly the entire 
central area of the disc. 

3. Two more or less continuous and narrower bands of bluish- 
green lying between the white polar caps and the wide central 
ochre coloured area. 

The width of these bands is not constant but varies with the 

Martian seasons. 

It is now generally conceded that the white polar caps are snow 
or ice; the blue-green bands, vegetation; and the ochre coloured 
equatorial region, desert. 

It is further observed that Mars is very smooth. There are no 
mountains on Mars. 

When subjected to critical examination, it is found that while 
the atmosphere of Mars is less dense than ours, it contains water 
vapour which we can see deposited as snow by the increasing area 
of each polar cap as winter approaches and which melts again in 
Spring. 

Definite spectroscopic proof of water vapour and oxygen in the 
Martian atmosphere was obtained in 1908 by E. C. Slipher by com- 
paring the infra-red portion of the Mars spectrum with that of the 
Moon. 

As to temperature, Professor Lowell in 1907 showed that the 
mean temperature of Mars is about 46 degrees to 48 degrees 
Fahrenheit. 

Thus the existence on Mars of the three essentials for the pro- 
pagation and maintenance of life, at least as we know it here, water, 
oxygen and sufficient heat, was proved 20 years ago by the work 
of Lowell and Slipher which has since been amply confirmed. 

Altogether, we may safely conclude that while conditions on 
Mars are appreciably different from those on the Earth, they are 
not such as to prevent the existence of a race of physical beings on it. 

3ut while these differences in environment undoubtedly result in 
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differences in physical make-up, we cannot assert that unless condi- 
tions on Mars are closely similar to those here, intelligent beings ‘can- 
not exist there. Intellect does not depend on physique. 


Since we cannot see them, however, how are we to infer their 
existence? In the same manner that we infer the existence of any- 
thing—by circumstantial evidence. We recognize intelligence by 
its unnaturalness. 

The orderly arrangement of an orchard when compared with a 
natural forest leads us by its unnaturalness to infer the existence 
of intelligent beings who created and maintain it. 


Note the regularity of width and course and gradient of an arti- 
ficial canal with the corresponding features of a natural river. 


By its very unnaturalness we recognize at once the difference 
between a natural and an artificial construction and infer active 
human intelligence behind the artificial. 


The Martian canals are such unnatural features—on no other 
planet have such markings been detected. Their enormous length, 
2000 miles, 2,500 miles, 3,500 miles in one instance; their uniform 
width and directness of course, most of them going by the shortest 
possible route from start to destination, all force upon us the con- 
clusion that they are not accidental but purposeful, being designed, 
built, and maintained to conserve the meagre water made available 
by the seasonal melting of the polar ice caps and conduct it over 
the surface of the planet. They are in fact parts of a world wide 
irrigation system. 

The facts of the seasonal changes on Mars and the reality of the 
canals have been shown by numerous drawings, by actual photo- 
graphs and by comparisons of drawings made at similar times by 
observers at far separated points. 


Hundreds of thousands of such photographs and drawings have 
been made at Lowell Observatory which confirm each other from 


Opposition to opposition and accurate maps of the canals have been 
made from them. 


From examination of these photographs and drawings, it is 
obvious that the canals exist and are not cracks nor rivers nor any 
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natural phenomena. The conclusion is unavoidable that they are 
artificial. 

This being true, it follows inevitably that beings of a high order 
of intelligence must exist there. 

One other point may be mentioned in this brief review. Again 
to quote Lowell: 

“In an ageing world where a steadily diminishing water supply 
makes the conditions of life increasingly difficult, mentality must 
more and more characterise its inhabitants in order for them to sur- 
vive, and would in consequence tend to be evolved. To find, therefore, 
on Mars highly intelligent beings capable of designing, constructing 
and maintaining such a system over their whole world is what one 
might reasonably expect.” 

Certainly the burden of proof, and it is a heavy one, lies upon 
those who would assert the contrary. 

Let me conclude by quoting Sir William Herschel. In his intro- 
duction to a communication on the Form of the Stellar Universe 
made to the Royal Society he said: 

“If we could hope to make any progress in an investigation of 
this delicate nature, we ought to avoid two opposite extremes of 
which I can hardly say which is the most dangerous. If we in- 
dulge a fanciful imagination and build worlds of our own, we must 
not wonder at our going wide from the path of truth and nature. 
On the other hand, if we add observation to observation without 
attempting to draw not only certain conclusions but also conjectural 
views from them, we offend against the very end for which obser- 
vations ought to be made.” 

My thanks are especially due to Dr. E. C. Slipher for the loan of 
the exceptionally fine series of slides I have been able to show you. 


To those who may care to examine in detail the evidence for 
the existence of intelligent beings on Mars, Lowell’s two great 
books, ““Mars and its Canals” and “Mars, the Abode of Life” wili 
be of the highest interest. Much pertinent information will be found 
in the Publications of Lowell Observatory, Astronomical Society 
of the Pacific and in Popular Astronomy. 
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INFORMATION CONCERNING MARS GAINED AT RECENT 
FAVOURABLE OPPOSITIONS 


By N. C. Stewart 


Extended references have already been made to the conditions and 
environment that have produced and supported life on the earth, and 
in a final analysis our minds cannot conceive of life existing in 
circumstances absolutely differing from those found somewhere or 
sometime on earth, or which we may think possible to develop here 
at some future time. Hence a conjecture as to whether life exists 
on Mars must be based on the discovery of conditions similar to 
those that have produced life on the earth. It is my intention to 
outline briefly what is known about Mars, comparing and contrast- 
ing with similar facts about the earth, and you may make your own 
conjecture as to whether life exists there, and to what degree of 
intelligence it may have developed. 

Mars is one and one-half times as far from the sun as the earth, 
accordingly it receives per unit area only four-ninths as much sun- 
light. This would indicate, under similar atmospheric and surface 
conditions, that the Martian surface temperature is cooler than 
ours. Radiometric observations made at Lowell and Mt. Wilson 
Observatories show this to be so. The temperature of the equator- 
ial regions may reach as high as 50°F. at noon, but it is below 
freezing at sunrise and sunset, and the nights are very cold. The 
temperature of the Polar cap appears to get as low as —94° F. 

It takes Mars one year and ten and one-half months to make 
its revolution around the sun, hence the Martian seasons are nearly 
twice as long as ours. 

The axis of the earth is inclined 23° to the plane of the ecliptic 
while that of Mars is 25°, hence the effect of the inclination of the 
axis on the seasons is much the same for both planets. 

The axial rotations are almost equal, being in sidereal time, 
Earth 23 hrs. 56 min. 4.09 sec., Mars 24 hrs. 37 min. 22.58 sec. 

The diameter of Mars is a little more than one-half that of the 
earth, its surface is about one-quarter, its volume one-seventh, and 
its mass a little over one-tenth. The density of Mars is roughly 
four times, while the earth’s density is five and one-half times that 
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PLATE XVI 


Puorocrarus By Wricht (Lick Opservatory) oF THE Moon AND Mars By 
Ligut oF DIFFERENT COLOURs. 

Above.—The Moon photographed in (a) ultra-violet. (5) infra-red light. Note the 
absence of such marked differences as are shown by Mars. The Moon is believed to 
have no atmosphere. 

Below.—Mars (Sept. 11) and San José as photographed from Mt. Hamilton: (a) and 
(c) with violet, (b) and (d) with infra-red light. The obliteration in (c) is due to the 
earth's atmosphere and the comparison is suggestive of the presence of an atmosphere of 
considerable density on Mars. San José is distant 13!> miles. G.M.T. of Mars observations 
(a) 50 (b) 18 bh, 30 

Journal of the Roval Astronomical Society of Canada, 1931. 
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of water. The surface gravity is decimal 38, or a body weighing 
100 Ibs. on earth would have a weight of 38 lbs. on Mars. 

The albedo is about one-seventh, comparable to the albedo of 
dark colored rocks. The variations in brightness of the planet at 
different phases indicates that the surface is comparatively smooth. 

The velocity of escape for Mars is 3.1 miles per second. The 
planet can therefore retain an atmosphere of oxygen, nitrogen, and 
the heavier gases and probably water vapour, but not helium or 
hydrogen. The spectroscope has revealed oxygen and water vapour 
in the Martian atmosphere but in smaller quantities than in that of 
the earth. 

The Martian Atmosphere. The work of Wright with the Cross- 
ley Reflector of the Lick Observatory during the oppositions of 
1924 and 1926, furnishes probably the best data on the physical 
form of the Martian atmosphere. This work consisted of the 
photography of the planet in lights of different colors. The illus- 
trations on the opposite page, which are due to Wright, gives some 
idea of the effects of such photography.* 

The results of Wright's observations show that Mars is sur- 
rounded by an atmosphere of appreciable absorbing power. The 
diameter of the disc is larger in the ultra-violet than in the infra- 
red, the difference being due to the atmosphere. Measurements of 
this difference show the thickness of the atmosphere to be about 
60 miles. The south polar cap appears to be an atmospheric 
phenomenon when photographed by ultra-violet light. There is also 
a surface polar cap as shown by the infra-red photographs. Wright 
found that there were impermanent markings or clouds in the Mar- 
tan atmosphere. These were of two classes, blue clouds visible by 
light of short wave length and yellow clouds by light of long wave 
length. The blue clouds are supposed to be composed of finely 
divided particles near the outer edge of the atmosphere, and the 
yellow ones are probably aqueous clouds near the surface of the 
p'anet. 


From the foregoing one pictures the atmosphere of Mars to be 


*Acknowledgements are made to Dr. Wright for his kindness in supplying 
the photographs used in these illustrations. 
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very similar to our own. The atmospheric pressure at the surface 
is between 4% and 20% that of the earth. The boiling point of 
water at atmospheric pressure 20% of ours is 60° C and 30° C if 
the pressure is reduced to 4%. Therefore liquid water probably 
exists on Mars. 

Surface Markings. During the opposition of 1924 Trumpler, 
also of the Lick Observatory, took 1700 photographs of Mars with 
the 36 inch Refractor. He observed the planet visually, making 
sketches of the markings. He studied Wright’s photographs taken 
in different colors. He found that the largest part of the surface 
of Mars is of fairly uniform brightness and of a yellow-orange 
color and the remainder dark areas, chiefly found in the southern 
hemisphere, appear to have a blue-green tinge. None of the dark 
areas were found to be of uniform shading. There is a network 
of dark lines and spots covering both the light and dark areas. The 
lines are commonly called canals and the spots oases. 


The question of the canals of Mars is often treated as if these 
objects were of the same character and appearance, but Trumpler’s 
observations did not confirm this. He states “not only do the lines 
of the network differ widely in visibility, some being of the most 
easily visible, others among the most difficult details, but similar 
differences exist in regards to width, definition, uniformity, etc. 
That the canals did not as a rule represent the appearance of fine, 
sharp, uniform, straight lines, as they are described by Schiaparelli 
and Lowell, and in many cases the lines have a well marked width.” 
Trumpler discounts the idea that the canal network of Mars is of 
such striking regularity, that they may be only the work of intel- 
ligent beings, but thinks that they are more likely to be of geological 
origin, that they are depressions where moisture accumulates and 
the temperature is higher, so that they are covered with vegetation. 
Trumpler suggests “that the surface structure of Mars, when its 
size, mass, force of gravity at the surface, scarcity of water and 
density of atmosphere are considered, should be somewhere inter- 
mediate between that of the earth and moon and it would therefore 
be hard to predict what its surface structure should be”. 


Altitudes. It is thought that the light areas are higher than 
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the dark areas. This is suggested by the melting process, which 
progresses more rapidly along the lines and spots of the network. 
The centre of the south polar cap is not at the geographic pole and 
this would indicate that it is possibly at a higher elevation. The 
irregularities in the shape of the polar cap would give the impres- 
sion that the cap adapts itself to the topographic features of the 
planet. No mountains have been so far discovered on Mars. 

Conclusion. Mars possesses an atmosphere and a surface in 
many respects similar to our own (with the exception that there 
are no oceans nor high mountains). That there is evidence of plant 
growth is believed by most astronomers, but that there is animal 
life and that it has progressed into intelligent life is still very much 
of a conjecture. 


SUMMARY AND DISCUSSION 
By C. S. Beats 


Among the numerous points of interest in the papers to which 
we have just listened, the facts stood out that Venus and Mars are 
the only planets beside the earth in the solar system on which it 
appears at all possible for life as we know it to exist. Owing to the 
impossibility at present of making observations on Venus that are at 
all likely to lead to definite conclusions, our main attention has 
been focussed on Mars. The revelant facts concerning this planet 
and the arguments pro and con have been set out by the two pre- 
vious speakers in some detail. In conclusion it may be of interest 
to refer briefly to certain considerations of general probability, 
having regard to what we know of the evolutionary process among 
living forms on the earth. 

As regards human life we may safely assert that its evolution 
upward from lower forms has been an exceedingly slow, precar- 
ious and uncertain process. The results of modern biological ex- 
periments appear to indicate that the inheritable mutations or varia- 
tions in species, on which natural selection is supposed to act, are 
usually of a harmful character. Only very rarely do advantageous 
mutations occur so that there is a tendency for evolution to proceed 
downward rather than upward. While this tendency may be more 
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than balanced by the ability of superior individuals to survive, its 
existence suggests that the process of evolution may be much more 
haphazard and uncertain than is popularly supposed to be the case. 
Indeed when all possible contingencies and sources of mischance 
are considered it seems little short of miraculous that development 
has proceeded to a point where a race of intelligent, thinking beings 
has emerged. It would appear at least doubtful whether a second 
experiment in evolution, conducted under equally favourable cir- 
cumstances, would succeed so well. Dr. Pearce in his discussion of 
the evolutionary time scale has shown us that the human race has 
been in existence for an extremely short space of time compared 
with the period during which life has existed on the earth. If we 
conceive of evolution as a race against time with the production of 
intelligent beings as the goal, then earth has won out with so small 
a margin to spare that we may, with some show of reason, regard 
our existence here as human beings to be a fortunate accident. 

In view of our limited knowledge and experience, it would be 
a mistake to take reasoning of this kind too seriously. Nevertheless, 
if it has any validity at all we can scarcely look very confidently for 
evidences of the existence of intelligent beings on Mars. Conditions 
on that planet, as has already been shown, are definitely less favour- 
able to the existence of life than on the earth. The temperature is 
lower, the atmosphere is thinner, the water vapour present much 
less. The probability that evolutionary development should have 
proceeded as far as it has under the more genial conditions of our own 
planet would appear slight. On the other hand, it must be remem- 
bered that in dealing with general probabilities the possibility of an 
unusual individual case is not ruled out. The final appeal must 
always be to observation and until there is more general agreement 
as to the interpretation of various Martian phenomena, the question 
as to the existence of intelligent life on Mars must be regarded as 
still unsettled. 
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PRESENT STATUS OF THEORY AND EXPERIMENT AS 
TO ATOMIC DISINTEGRATION AND ATOMIC 
SYNTHESIS* 


By Rospert A. MILLIKAN 


Y task tonight is to attempt to trace the history of the develop- 

ment of scientific evidence bearing on the question of the 
origin and destiny of the physical elements. I shall list ten dis- 
coveries or developments all made within the past hundred years 
which touch in one way or another upon this problem and constitute 
indications or sign-posts on the road toward an answer. Prior to 
the middle of the nineteenth century little experimental evidence 
of any sort had appeared, so that the problem was wholly in the 
hands of the philosopher and the theologian. Then came, first, the 
discovery of the equivalence of heat and work and the consequent 
formulation of the principle of the conservation of energy, probably 
the most far-reaching physical principle ever developed. 

Following this and directly dependent upon it came, second, 
the discovery, or formulation, of the second law of thermodynamics 
which was first interpreted, and is still interpreted by some, as 
necessitating the ultimate ‘“‘heat-death” of the universe and the 
final extinction of activity of all sorts; for all hot bodies are ob- 
served to be radiating away their heat, and this heat, after having 
been so radiated away into space, apparently cannot be reclaimed 
by man. This is classically and simply stated in the humpty- 
dumpty rhyme. 

As a natural if not a necessary corollary to this was put forward 
by some, in entire accord with the demands of medieval theology, 
a deus ex machiné to initially wind up or start off this running- 
down universe. 

Then came, third, the discovery, through studies both in 
geology and biology, of the facts of evolution—facts which showed 
that, so far as the biological field is concerned, thé process of crea- 


*Address of the retiring president of the American Association for 
the Advancement of Science, Cleveland, December 29, 1930. Printed in 
Science, January 2nd, 1931. 
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tion or upbuilding from lower to higher forms has been continuously 

going on for millions upon millions of years and is presumably 

going on now. This tended to call attention away from the deus 

ex machind, to identify the creator with his universe, to strengthen 

the theological doctrine of immanence which represents substan- 

tially the philosophic position of Leonardo da Vinci, Galileo, 
Newton, Francis Bacon, and most of the great minds of history 
down to Einstein. Neither evolution nor evolutionists have in | 
general been atheistic—Darwin least of all—but their influence 

has undoubtedly been to raise doubts about the legitimacy of the 
dogma of the deus ex machindé and of the correlative one of the 
heat-death. This last dogma rests squarely on the assumption 
that we infinitesimal mites on a speck of a world know all about 
how the universe behaves in all its parts, or, more specifically, that 
the radiation laws which seem to us to hold here cannot possibly 
have any exceptions anywhere, even though that is precisely the 
sort of sweeping generalization that has led us physicists into error 
half a dozen times during the past thirty years, and also though 
we know quite well that conditions prevail outside our planet 
which we cannot here duplicate or even approach. Therefore the 
heat-death dogma has always been treated with reserve by the 
most thoughtful of scientists. No more crisp nor more cogent 
statement of what seems to me to be the correct position of science 
in this regard has come to my attention than is found in the follow- 
ing recent utterance of Gilbert N. Lewis, namely, ‘“Thermodynamics 
gives no support to the assumption that the universe is running 
down.” “Gain of entropy always means loss of information and 
nothing more.” 

The fourth discovery bearing on our theme was the discovery 
that the dogma of the immutable elements was definitely wrong. 
By the year 1900 the element radium had been isolated and the 
mean lifetime of its atoms found to be about 2,000 years. This 
meant definitely that the radium atoms that are here now have 
been formed within about that time, and a year or two later the 
element helium was definitely observed to be here and now growing 
out of radium. This raised insistently the question as to whether 
the creation or at least the formation of all the elements out of 
something else may not be a continuous process—stupendous 
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change in view-point the discovery of radioactivity brought about, 
and a wholesome lesson of modesty is taught to the physicist. 
But a couple of years later, uranium and thorium, the heaviest 
known elements, were definitely caught in the act of begetting 
radium and all the allied chain of disintegration products. Since, 
however, the lifetime of the parent atom, uranium, has now been 
found to be a billion years or so we have apparently ceased to 
inquire whence it comes. We are disposed to assume, however, 
that it is not now being formed on earth. Indeed, we now have 
good reason to believe that the whole radioactive process is confined 


to a very few, very heavy elements which are now giving up the 


energy which was once stored up in them—we know not how— 
so that radioactivity, though it seemed at first to be pointing away 
from the heat-death, has not at all, in the end, done so. Indeed, 
it seems to be merely one mechanism by which stored-up energy 
is being frittered away into apparently unreclaimable radiant 
heat—another case of humpty-dumpty. 

The fifth significant discovery was the enormous lifetime of the 
earth—partly through radioactivity itself, which assigns at least 
a billion and a half years—and the still greater lifetimes of the 
sun and stars—thousands of times longer than the periods through 
which they could possibly exist as suns if they were simply hot 
bodies cooling off. This meant that new and heretofore unknown 
sources of heat energy had to be found to keep the stars pouring 
out such enormous quantities of radiation for such ages upon ages. 

The sixth discovery, and in many ways, the most important of 
all, was the development of evidence for the interconvertibility of 
mass and energy. This came about in three ways. In 1901 Kauf- 
man showed experimentally that the mass of an electron could be 
increased by increasing sufficiently its velocity, 7.e., energy could 
be definitely converted into mass. About the same time the 
pressure of radiation was experimentally established by Nichols 
and Hull at Dartmouth and Lebedew at Moscow. This meant 
that radiation possesses the only distinguishing property of mass, 
the property by which we define it, namely, inertia. The funda- 
mental distinction between radiation and matter thus disappeared. 
These were direct, experimental discoveries. Next in 1905 Einstein 
developed the interconvertibility of mass and energy as a necessary 
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consequence of the special theory of relativity. If, then, the mass 
of the sun could in any way be converted into radiant heat there 
would be an abundant source of energy to keep the sun going as long 
as necessary, and all our difficulties about the lifetimes of the sun 
and stars would have disappeared. But what could be the mechan- 
ism of this transformation? 

Then came the seventh discovery, which constituted a very 
clear finger-post, pointing to the possibility of the existence of an 
integrating or building up process among the physical elements, as 
well as in biological forms, in the discovery that the elements are 
all definitely built up out of hydrogen; for they—the ninety-two 
different atoms—were all found, beginning about 1913 by the new 
method of so-called positive ray analysis, to be exact multiples of 
the weight of hydrogen within very small limits of uncertainty. 
This fact alone raises very insistently the query as to whether they 
are not being built up somewhere out of hydrogen now. They 
certainly were once so put together, and some of them, the radio- 
active ones, are now actually caught in the act of splitting up. 
Isn’t it highly probable, so would say any observer, that the inverse 
process is going on somewhere, especially since the process would 
involve no violation either of the energy principle, or of the second 
law of thermodynamics; for hydrogen, the element out of which 
they all must be built, has not a weight exactly one in terms of the 
other ninety-two, but about one per cent. more than one, so that 
since mass or weight had been found in the sixth discovery to be 
expressible in terms of energy, the union of any number of hydrogen 
atoms into any heavier element meant that one per cent. of the 
total available potential energy had disappeared and was therefore 
available for appearance as heat. When, about 1914 or 1915, this 
fact was fitted by MacMillan, Harkins, and others into the demand 
made above in the fifth discovery for a new source of energy to 
keep the sun pouring out heat so copiously for such great lengths 
of time, it seemed to the whole world of physics that the building 
up of the heavier elements out of hydrogen under the conditions 
existing within the sun and stars had been pretty definitely proved 
to be taking place. This would not provide an escape from the 
heat-death, but it would enormously postpone it, 7.e., until all the 
hydrogen in the universe had been converted over into the heavier 
elements. 
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But by this process the suns could stoke at most but one per 
cent. of their total mass, assuming they were wholly hydrogen to 
begin with, into their furnaces, and 99 per cent. of the mass of the 
universe would remain as cold, dead ash when the fires were all 
gone out and the heat-death had come. But about 1917 the 
astronomer began to chafe under the time-limitation thus imposed 
upon him, and this introduced the eighth consideration bearing 
upon our theme. He could get a hundred times more time—from 
now on much more than that because only a small fraction of the 
matter in the universe is presumably now hydrogen—by assuming 
that, in the interior of heavy atoms, occasionally a negative electron 
gets tired of life at the pace it has to be lived in the electron world, 
and decides to end it all and commit suicide; but, being paired by 
nature in electron-fate with a positive, he has to arrange a suicide 
pact with his mate, and so the two jump into each other’s arms in 
the nucleus and the two complementary electron lives are snuffed 
out at once; but not without the letting loose of a terrific death- 
yell, for the total mass of the two must be transformed into a 
powerful ether pulse which by being absorbed in the surrounding 
matter is supposed to keep up the mad, hot pace in the interiors of 
the suns. This discovery, or suggestion to account for the huge 
estimated stellar lifetimes, of the complete annihilation of positive 
and negative electrons within the nucleus makes it unnecessary to 
assume, at least for stellar lifetime purposes, the building up of 
the heavier elements out of hydrogen. Indeed, it seems rather 
unlikely that both kinds of processes, atom-building and atom- 
annihilating, are going on together in the same spot under the same 
conditions, so we must turn to further experimental facts to get 
more light. 

The ninth signpost came into sight in 1927 when Aston made 
a most precise series of measurements on the relative masses of the 
atoms which made it possible to subject to a new test the Einstein 
formula for the relation between mass and energy, namely, E = mc?. 
This Aston curve is one of the most illuminating finger-pointings 
we now have. It shows: 

1. That Einstein’s equation actually stands the quantitative 
test for radioactive or disintegrating processes right well, and 
therefore, receives new experimental credentials. 
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2. That the radioactive or disintegrating process with the 
emission of an alpha ray must be confined to a very few heavy 
elements, since these are the only ones so situated on the curve 
that mass can disappear, and hence heat energy appear through 
such disintegration. 

3. That all the most common elements except hydrogen are 
already in their most stable condition, i.e., their condition of 
minimum mass, so that if we disintegrate them we shall have to do 
work upon them, rather than get energy out of them. 

4. That therefore man’s only possible source of energy other 
than the sun is the upbuilding of the common elements out of 
hydrogen or helium or else the entire annihilation of positive and 
negative electrons, and there is no likelihood that either of these 
processes is a possibility on earth. 

5. That if the foregoing upbuilding process is going on anywhere, 
the least penetrating and the most abundant radiation produced 
by it, that corresponding to the formation of helium out of hydro- 
gen, ought to be about ten times as energetic as the hardest gamma 
rays, 1.€., it ought to correspond to about twenty-six million 
electron-volts in place of two and a half million. 

6. That other radiations corresponding to the only other 
abundantelements, namely, oxygen (O, N, C), silicon (Mg, Al, Si), 
and iron (iron group), should be found about 4 times, 7 times and 
14 times as energetic as the “helium rays.” 

7. That the radiation corresponding to the smallest annihilation 
process that can take place—the suicide of a positive and negative 
electron—is 350 times as energetic as the hardest gamma ray, or 
35 times as energetic as the “‘helium ray.” 

This brings me to the tenth discovery, that of the cosmic 
rays. These reveal: 

1. A radiation the chief component of which, according to our 
direct comparison, is five times as penetrating as the hardest 
gamma ray which, with the best theoretical formula we have 
relating to energy and penetrating power (the Klein-Nishina), 
means a ray 10 times as energetic as the hardest gamma ray, 
precisely as per prediction. 

2. Spectral bands of cosmic-radiation that are roughly where 
they should be to be due to the formation of the foregoing abundant 


bs 
Be 
t 
‘fas 
Fg 


Atomic Disintegration and Synthesis 367 


elements out of hydrogen, though for reasons to be given presently, 
no precise quantitative check is to be expected except in the case 
of helium. 

3. No radiation of significant amount anywhere near where it 
is to be expected from the annihilation hypothesis, thus indicating 
that at least 95 per cent. of the observed cosmic rays are due to some 
other less energetic processes. 

4. A radiation that is completely independent of the sun, 
the great hot mass just off our bows, and not appreciably dependent 
on the Milky Way, or the nearest spiral nebula, Andromeda—one 
that comes in to us practically uniformly from all portions of the 
celestial dome, and is so invariable with both time and latitude at 
a given elevation that the observed small fluctuations at a given 
station reflect with much fidelity merely the changes in the thick- 
ness of the absorbing air blanket through which the rays have had 
to pass to get to the observer. 

This last property is the most amazing and the most significant 
property exhibited by the cosmic rays, and before the drawing of 
final conclusions its significance will be discussed. For it means 
that at the time these rays enter the earth’s atmosphere, they are 
practically pure ether waves or photons. If they were high speed 
electrons or even had been appreciably transformed by Compton 
encounters in passing through matter into such high speed electrons 
or beta rays, these electrons would of necessity spiral about the 
lines of force of the earth’s magnetic field and thus enter the earth 
more abundantly near the earth’s magnetic poles than in lower 
latitudes. This is precisely what the experiments made during the 
last summer at Churchill, Manitoba (lat. 59), within 730 miles of 
the north magnetic pole showed to be not true, the mean intensity 
of the rays there being not measurably different from that at 
Pasadena in latitude 34. 

Nor is the conclusion that the cosmic rays enter the earth’s 
atmosphere as a practically pure photon beam dependent alone 
upon these measurements of last summer. It follows also from 
the high altitude sounding balloon experiments of Millikan and 
Bowen in April, 1922, taken in connection with the lower balloon 
flights of Hess and Kolhérster in 1911-14. For in going to an 
altitude of 15.5 kilometers we got but one fourth the total discharge 
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of our electroscope which we computed we should have obtained 
from the extrapolation of our predecessors’ curves. This shows 
that somewhere in the atmosphere below a height of 15.5 kilometers 
the intensity of the ionization within a closed vessel exposed to the 
rays goes through a maximum and then decreases, quite rapidly, 
too, in going to greater heights. We have just taken very accurate 
observations up to the elevation of the top of Pike’s Peak (4.3 
kilometers) and found that within this range the rate of increase 
with altitude is quite as large as that found in the Hess and 
Kolhérster balloon flights, so that there can be no uncertainty at 
all about the existence of this maximum. Such a maximum, 
however, means that the rays, before entering the atmosphere, 
have not passed through enough matter to begin to get into equili- 
brium with their secondaries—beta rays and photons of reduced 
frequency—in other words, that they have not come through an 
appreciable amount of matter in getting from their place of origin to 
the earth. 

This checks with the lack of effect of the earth’s magnetic 
field on the intensity of the rays and the two phenomena, of quite 
unrelated kinds and brought to light years apart, when taken 
together, prove most conclusively, I think, that the cosmic rays 
cannot originate even in the outer atmosphere of the stars, though 
these are full of hydrogen and helium in a high temperature state, 
but that they must originate rather in those portions of the universe 
from which they can come to the earth without traversing matter 
in quantity that is appreciable even as compared with the thickness 
of the earth’s atmosphere—in other words, that they must originate 
in the intensely cold regions in the depths of interstellar space. 

Further, the more penetrating the beta rays produced by 
Compton encounters the greater the thickness of matter that must 
be traversed before the beam of pure photons which enters the 
atmosphere gets into equilibrium with its secondaries, and until 
such equilibrium is reached, the apparent absorption coefficient 
must be less than the coefficient computed with the aid of the 
Klein-Nishina formula from the energy released in the process from 
which the radiation arises. Now the Bothe-Kolhérster experiments 
of about a year ago show that when the energies of the incident 
photons are sufficiently high the beta rays released by Compton 
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encounters do indeed become abnormally penetrating, so that it 
is to be expected that, for the cosmic rays produced by the forma- 
tion of the heavier of the common elements like silicon and iron 
out of hydrogen, the observed absorption coefficients will be some- 
what smaller than those computed from the energy available for 
their formation. This is precisely the behaviour which our cosmic 
ray depth-ionization curve actually reveals. At thehighest altitudes 
at which we have recently observed (14,000 feet) the helium rays have 
reached equilibrium with their secondaries, and the observed and 
computed coefficients agree as they should. For the oxygen rays the 
observed coefficient is a little lower than the computed value—about 
17 per cent. lower—for the silicon rays still lower—about 30 per 
cent.—and for the iron rays considerably lower still—about 60 per 
cent.—all in beautiful qualitative agreement with the theoretical 
demands as outlined. 

The foregoing results seem to point with much definiteness to 
the following conclusions: 

‘1. That the cosmic rays have their origin, not in the stars, but 
rather in interstellar space. 

2. That they are due to the building in the depths of space of 
the commoner heavy elements out of hydrogen which the spectro- 
scopy of the heavens shows to be widely distributed through space. 
That helium and the common elements oxygen, nitrogen, carbon 
and even sulphur are also found between the stars is proved by 
Bowen’s beautiful recent discovery that the ‘‘nebulium lines’’ arise 
from these very elements. 

3. That these atom-building processes cannot take place under 
the conditions of temperature and pressure existing in the sun and 
stars, the heats of these bodies having to be maintained presumably 
by the atom-annihilating process postulated by Jeans and Edding- 
ton as taking place there. 

4. All this says nothing at all about the second law of thermo- 
dynamics or the “Warme-Tod,” but it does contain a bare sug- 
gestion that if atom formation out of hydrogen is taking place all 
through space as it seems to be doing, it may be that the hydrogen 
is somehow being replenished there too from the only form of 
energy that we know to be all the time leaking out from the stars 
to interstellar space, namely, radiant energy. This has been 
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speculatively suggested many times before in order to allow the 
creator to be continually on his job. Here is perhaps a little bit of 
experimental finger-pointing in that direction. But it is not at all 
proved nor even perhaps necessarily suggested. If Sir James 
Jeans prefers to hold one view and I another on this question no 
one can say us nay. The one thing of which you may all be quite 
sure is that neither of us knows anything about it. But for the 
continuous building up of the common elements out of hydrogen 
in the depths of interstellar space the cosmic rays furnish excellent 
experimental evidence. I am not unaware of the difficulties of 
finding an altogether satisfactory kinetic picture of how these 
events take place, but acceptable and demonstrable facts do not, 
in this twentieth century, seem to be disposed to wait on suitable 
mechanical pictures. Indeed, has not modern physics thrown the 
purely mechanistic view of the universe root and branch out of 
its house? 
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NEWS AND COMMENTS 


NOTES FROM THE DOMINION ASTROPHYSICAL 
OBSERVATORY, 


Victoria, B.C. 


These notes cover the four months, May, June, July and 
August. The summer has gone so quickly that your scribe did not 
realize such an interval had elapsed since the last Notes were sent in. 

The observing weather was, on the whole, a little above the 
twelve-year average. The number of nights and hours secured dur- 
ing the four months are compared in the accompanying table, with 
the corresponding twelve-year averages for the same months. 


1931 12-year average 

Month Nights Hours Nights Hours 
an 18 107 22 108 
16 71 19 90 
a 27 144 26 135 
August ........ 29 174 24 146 


Approximately 20,735 persons visited the observatory during 
these four months as compared with 27,708 for the same months 
last year. The falling off was particularly noticeable with the regu- 
lar tourist traffic in the months of July and August. 

(uite a number of astronomers and other scientists were in- 
cluded among the visitors. Some of those whose names your scribe 
recalls are given below, although several may have been overlooked. 

Mr. J. H. Hindle of the Old Land, who was in Canada on 
business, called on us late in May, following his visit to Toronto, 
where he attended some of the Royal Society meetings. Mr. Hindle 
has for a long time been interested in reflecting telescopes and has 
published in the March number of the Monthly Notices a paper on 
“A New Test for Cassegrainian and Gregorian Secondary Mirrors.” 
In the opinion of many this is a valuable method and it is possible 
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more will be heard of it in connection with some of the large mir- 


rors at present in use. 


Dr. Harold D. Babcock of the Mount Wilson Observatory paid 
us an all-too-short visit in July, but during the hour he spent with 
us he gave the staff an informal but delightful talk on gratings. 
Some of the difficulties experienced in making the new 8-inch grat- 
ing for the Coudé spectrograph were mentioned and while modestly 
disclaiming any particular ability along that line, one has the feeling 


that their manufacture is in very capable hands. 


Miss Mary Joyneur of the same institution made us a call also 


on her return from an Alaskan boat trip. In 
Seares on stellar magnitudes it was of interest 


her work with Dr. 
to hear her recount 


how the standard scales become so fixed in one’s mind that tests 
show you can mentally retain the eighteen or so steps of the standard 
for some considerable time without reference to the standard itself. 

Miss E. E. Sternberg, who is connected with the solar work 
at Mount Wilson, was a visitor in the dome one evening in August. 


Her work lies more in the measurement 


of plates than on 


the observational side. Nevertheless the workings of the 72-inch 
telescope and the view from the dome at night were of much in- 


terest to her. 


Dr. A. L. Patterson, formerly of McGill University and lately 
with the Rockefeller Foundation, has been spending a little while 
in our locality and sat in on two of the seminars at the observatory. 
He is a physicist, interested in X-ray work, and is now carrying on 


medical research along that line. 


Mr. D. B. Pickering, who is imierested in variable stars, has 


been visiting the western observatories and will possibly write up 


an account of such a visit as he has done on a previous occasion. 


Two visitors from Oxford University also honoured us with 
a call. Professor T. R. Murton, now retired, and Professor Taylor, 
whose field is Physical Chemistry, paid us brief visits. 


The Director returned from his spring eastern trip by way of 


Pasadena, taking in the meeting of the western division of the 


A.A.A.S. at Pasadena in the middle of June. 


attended the meeting and between them their own papers and those 


Dr. C. S. Beals also 
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of other members of the staff were presented. Dr. Beals visited 
Mount Hamilton on the way back and also stayed a short tirne at 
the University of Washington. 

The summer assistants were three in number. Mr. H. H. 
Plaskett, Professor of Astrophysics at Harvard; Mr. R. M. Petrie, 
lecturer at Detroit Observatory, Ann Arbor, and Mr. A. McKellar, 
pursuing post-graduate studies -at the University of California. 
Professor Plaskett was engaged mainly in solar work, seeking to 
obtain the spectrum of the solar granulation; Mr. Petrie was obtain- 
ing and measuring spectra of Cepheids, while Mr. McKellar was 
engaged in measuring other stellar spectra. At the weekly seminar 
meetings of the staff all gave more or less extended accounts of the 
work in which they have been recently engaged. 

Dr. F. S. Hogg, who graduated from the University of Toronto 
in 1926 and who has since been engaged in astronomical work, mainly 
at Harvard College Observatory, has recently been appointed to the 
position left vacant through the resignation of Dr. R. O. Redman. 
With Mrs. Hogg he motored across the continent from Harvard, 
arriving about the middle of August. 

W. E. H. 
September 2nd, 1931. 


NOTES AND QUERIES 


Communications are invited, especially from amateurs. The Editor 
will try to secure answers to queries. 


A Bricur Meteor EASTERN ONTARIO ON AuGusT 14 

Mr. T. C. Benson, of the London Centre, sends an account of 
a very bright meteor seen by him on August 14 at his summer 
cottage at Larger Loon Lake, about fifty-eight miles north of Belle- 
ville. It appeared at 8.53 p.m. (E.S.T.), was very brilliant and 
left a very distinct, luminous trail which persisted until the dis- 
appearance of the object. The speed was not very great and the 
phenomenon lasted for perhaps two seconds. The path in the sky 
was from near Lacerta through Vulpecula, between Sagitta and 
Delphinus and ended near Altair. Other reports on this meteor 
would be appreciated. 
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Perseip METEOR SHOWER 

This shower seems to have been well observed this year. Mr. 
Emerson W. Bullock, of Brampton, Ont., reports that with some 
assistance from two friends, he observed on the nights of Monday, 
Tuesday, Wednesday, Friday (August 10, 11, 12, 14—Thursday 
being cloudy) ; and using Dr. R. K. Young’s Gnomonic Star Atlas 
(first published in this JourNAL in 1915), he charted 29 on Tues- 
day, 76 on Wednesday and 52 on Friday, a total of 157, though he 
saw and counted twice that number. Some of the meteors were 
not Perseids. 

Two notable trails were observed by him on Wednesday morn- 
ing, at 4.10 and 4.20 (E.S.T.), respectively. The first came from 
north of the zenith and travelled to the south, almost to the horizon. 
The path was about ninety degrees long and twice in its course it 
disappeared behind clouds, to come out again. The second had a 
trail of nearly forty degrees in the northern heavens. 

Mr. P. M. Millman, of the Harvard Observatory, observing 
in Muskoka, was able to observe on August 10, 11, 12, from about 
1.30 to 4.00 a.m., and saw 63 meteors on August 10-11, 202 on 
August 11-12, and 151 on August 12-13. 


ANOTHER KEPLER MONUMENT 

November 15, 1930, was the 300th anniversary of the death of 
the astronomer Kepler, and the occasion was appropriately cele- 
brated, especially in Germany and Austria. In the city of Linz on 
the Danube, the capital of Upper Austria and having a population 
of 100,000, Kepler lived from 1612 to 1627. He was a teacher in 
the school of the provincial government. At this place his “Stereo- 
metria doliorum” was composed and the “Rudolphine Tables” were 
finished. Also, it was the birthplace of his “Harmonice mundi,” in 
which is enunciated his Third Law. An effort is now being made 
to secure funds for a worthy memorial to be erected in the square 
opposite the house where Kepler spent fifteen years of his checkered 
and pathetic life. The Federal Board of Education in Vienna, as 
well as the authorities of the province of Upper Austria and of 
the city of Linz are co-operating, but on account of the serious 
economic difficulties in Austria they are not able to bear the whole 
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expense and they ask assistance from the broad scientific public. 
An appeal for aid has been sent out signed by the Governor-General 
of the province of Upper Austria, the Mayor of Linz, by P. T. 
Schwarz, director of the observatory at Kremsminster (Upper 
Austria), and by K. Graff, professor of astronomy and director 
of the observatory of the University of Vienna. Donations will be 
entered in a Book of Honour to be deposited in the archives of Linz. 
Remittance should be made to Allgemeine Sparkasse (General Sav- 
ings Bank), Linz, Account No. 264. 


VARIABLE STAR OBSERVER WANTED 

Mr. A. N. Brown, Hon sec. of the Variable Star Section of the 
sritish Astronomical Association, writes as follows :— 

The director of our Variable Star Section has requested me to enquire 
whether you know of anyone in Canada who might be willing to observe a 
limited number of variables for our Section. ..... What we should like 
would be to hear of one or two observers resident in Canada who would 
be willing to watch the three irregulars, SS Cygni ( 8™1—12™,.9), V 
Geminorum (g™ 513™ 8) and SS Aurigae (19™.5—14™.7). I give the 
approximate limits of variation after each, which, as you know, may each 
rise from minimum light quite unexpectedly at any time; and both when 
rising and when they have risen, it is important that they should each be 
observed as completely as possible from stations far removed from one 
another. 

Mr. Brown’s address is:—Brackenhurst, Bucklebury Common, 
near Reading, Berkshire, England. 


Ritcney’s New INSTRUMENT 

General satisfaction was felt by astronomers when it was an- 
nounced that Professor Ritchey had entered into a contract to pro- 
vide the U.S. Naval Observatory with a 40-inch reflecting telescope 
of the type devised by himself and Henri Chrétien, and which was 
described by Ritchey in a series of papers in this JourNAL in 1928 
and 1929. The contract price is $76,000. It is very desirable that 
the new style of instrument be thoroughly tested on a large scale 
and it is very appropriate that it should be done in the United States. 
It is not stated whether the main mirror will be of the cellular type, 
but the present writer hopes that it will be, so that it may be put 
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to the strenuous test of experience. If it proves to be permanent 
it will mark a distinct advance in mirror construction. 


A -METEOR IN SASKATCHEWAN. 


Professor B. W. Currie of the University of Saskatchewan sends 
the following :— 

A brilliant fireball passed over Saskatchewan travelling in a direction 
north-north-east at about 8.30 p.m. 105th meridian time on July 2. Reports 
were received from observers scattered as widely as Weyburn in the south 
to Candle Lake in the north, and each included the following data,—the 
direction and the altitude of the fireball when it was observed and again 
when it disappeared, the time when it was observed, the period of time 
during which it was visible, and its general appearance. 

All the reports showed that it was unusually brilliant, observers to the 
east of the fireball seeing it distinctly against the bright sky from the 
setting sun. Since the stars had not yet appeared, they could not be used 
as reference points in determining the direction and the altitude with the 
result that most of the reported values were not very reliable. An exam- 
ination of them indicated, however, that the path was nearly parallel to the 
earth’s surface and if it had been projected on the surface would have 
followed a straight line drawn from a point about 40 miles east of Swift 
Current to Candle Lake, north of Prince Albert. 

A number of observers saw it separate into two distinct parts afte: it 
had passed over Saskatoon. Using the directions and the altitudes observed 
by them it was possible to calculate the height of the meteor when the 
separation occurred. The calculated results varied from 38 to 47 miles. 
At Candle Lake it appeared as three bright parts close enough together to 
have one trail. 

No estimate of the velocity could be made as reports of the time during 
which it was visible varied from 20 seconds to several minutes. Since a 
roaring sound was heard at some points as the fireball passed, the velocity 
was at least greater than that of a sound wave. 
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